T H E R E is no part of the structure of Equisetunt more curious or more anonlalous than the organs of reproduction ; and although the position of the order in the natural systeill depends on tlie nature of these organs, yet this is so far iiiatter of doubt, that very eminent botanists do not seem decided as to whether Eyzrisetacecc. are to rank ainong Phaenogamic or CryptogaInic plants.
I n the following obsei-vations * (the result of an examination continued * These observations were made before I was aware that in part they had been anticipated. Treviranus (n) appears first to have observed and correctly figured the spiral vessels in the cells of which the thecae of Equisetum are composed ; and Meyen (b) confirms his observations, while he at the same time criticises, and with justice, the account given by Bischoff (c). There are, however, several points that appear not to have been examined, and my observations do not precisely accord with those of Meyen. I venture, then, still to offer them to the notice of the Linnean Society, trusting that I shall be excused if in any case I have been occupied on ground which has already been explored.
Since the present paper was read, Mr. I. J. Bennett has kindly pointed out to me that I have also been in a great degree anticipnted by Mohl in the discovery of the peculiar mode of the production of the spore in Equisetum. I think it right, therefore, to give a translation of the passage in his memoir, which has been furnished by a friend.
The young capsules (of Equisetum uariegatum) are W e d with a very delicate, polyhedral, cellular tissue. These cells are connected together in greater or lesser masses, without, however, being mrrounded by mother-cells (if they are not rather themselves to be so regarded), and are filled with a granular mass. In older capsules these cells are larger and distinct from each other, and the green granular contents form for the most part a disc lying in the middle of the cell. In still more advanced capsules this green disc is changed into an oval grain, wrapped round with the two elaters. These seem to arise from the splitting of the cell in which the grain is formed, and at first surround it under the form of a closed integument. 'The grain itself possesses two coats, of which the outer is moderately tough, the inner very tender. 1 have never seen a style-like elongation like that with which Hedwig has represented the grain. TAB. XXXIX. fig. 3 . represents four cells detached by means of water, containing the spores in the position which they occupy within the cells ; at first their form is oval or ovate, but they very soon change to globular, the form which they afterwards retain. It is extremely difficult at this time to detach any of these cells entire, owing to the filmy condition of their walls and the viscid nature of their contained fluid: a better opportunity is afforded of viewing their form and arrangement by macerating the theca in dilute nitric acid, when they appear somewhat shrunk and collapsed, and the minute granules are therefore easily discernible in the cells (TAB. XXXIX. fig. 4 .) and also in the spores: the whole mass is easily forced asunder even to the theca, which separates into parts corresponding with the sides of the outer cells. Considerable changes take place in the spores from the state liere noticed in their progress to maturity ; these are accompanied by other and very remarkable changes in the theca as well as in the cells. These latter gradually acquire substance, separate from each other, and, changing their form, become first globular, and afterwards oval integuments of the spores ; the spaces caused by their separation being filled up with a dark green viscid fluid containing abundance of minute granules. If detached by means of water during the g l o b~l a r state, the integument has a flattened appearance (TAB. S X X I S . fig. G . ) , probably owing to ttie inability of the membrane to preserve its proper fortn. At TAB. XXXTX. fig. 7 . is represented the spore with its iiienibrnnoiis integument when it has attained sufficient consistency to preserve the oval forin; it has a t each end a n appendage of apparently more delicate menibrane, the remains probably of what in an earlier state served to connect the contiguous cells. This connecting tnernbrane-if such it be-is the only trace of any connexion between one cell or integument and another ; it is very soon destroyed, and no mark of it remains in a more advanced state of the integuinent .
1 he next change wliich the integument undergoes is in the development of the spiral sutures, by which it is divided into two narrow bands with broad arid rounded ends : at first the dividing lines are indistinctly seen traversing the integument (TAB. XXXIX. fig. 8.) ; after a time they becotne more distinct, and their spiral direction becomes evident. Two lines of separation run in a spiral direction round the integument, and meet in a sinuous transverse suture a t each end (TAB. XXXIX. fig. 11.) ; these lines cut the integument into two equal parts, the ends of mhich are dilated and uniform; and these are the clavate ends of the filaments which have been considered by Hedwig and others as forming part of a sexual apparatus. The separation of the integument into parts takes place immediately after the edges of the sutures have arrived at their proper thickness ; it is therefore very difficult after this to find t be i nteguinent en tire.
At T A B . XXXIX. fig. 9 . is represented the most perfect which 1 have been able to find after the examination of a great number. The spore at this time contains a greenish-colouretl fluid mixed with some minute granules ; soon after it changes to a deeper green coloiir, its contents become thicker, less soluble in water, and filled with a greater number of granules; the fluid which had previously filled the integument and the rest of the theca is gradually absorbed, leaving the granules wliich it contained sticking in masses to the spores and to the separated portions of the integument. I t is these masses of granules, when found adhering to the filaments in the ripened state of the spore, that have been mistaken for pollen-grains : when removed by means of . . , 1 1 water, they are found to consist exclusively of the lesser gi.nnirles, the larger ones having now altogether disappeared. As the silore swt.ells, the divisions of the integument are forced asnntler ; n portion at each end however generally adheres longer, and preserves the form represented at T A B . XXXIX. fig. 10. ; and although fiirther separated, these divisions are still held in their spiid position until the ripening of the spore, when, being ejected from the theca, they recoil with a jerk, and iinrnediately twist into narrow clavate filaments, the state in which they have been most frequently observed. TAB. XXXIX. fig. 12 . represents the spore previous to its ripening and to the opening of the theca ; the filaments are partly iinrolletl, and their attachment to the spore and to each other is shown.
I n the ripened state the spore has n wrinkled or plaited appearance, arising from some pecnliarity in its iinniediate covering, which appears to add greatly to its opacity. On the application of water to the spore, it iinrnediately swells to considerably beyond its original size, the wrinkles on its surface disappeai., and it changes to a bright green colour. By atltling tincture of iodine to the water a very curious effect is produced, which proves the existence of an outer and inner membrane or tunic to the spore: its nucleus is contracted to a much smaller size., leaving the outer membrane occupying-the space to which it had been distended by the water, and appearing nnder transinitted light like a transparent limb to the opake spore (TAB. XSXIX. fig. 13.) . The spore on arriving at maturity acquires a dark green colour ; it contains n thick viscid fluid, copiously mixed with minute granules exactly similar to those contained in the pollen-grains of flowering plants; they seem not to differ greatly from, if they are not identical with, the lesser granules found in the integument and in the intercellular cavities of the theca. The larger granules having all disappeared immediately after the separation of the integument, it would appear that their functions are soiriewhat different froin those of the lesser ones ; the former, I have no doubt, are of an ainylaceous nature, being soluble in boiling water, but not in alcohol. I inclosed some spikes of Equiseturn hyernale, in that state when the granules of both kinds are most numerous, in a phial with water; the phial mas then held in a vessel of boiling water for half an hour, and 011 examining the t h e m , I found that the larger granules had all disappeared, but that the lesser ones remained unaltered, and even retained their activity. Alcohol appears to produce no other effect on the granules, except, the immediate suspension of their motion. Iodine acts upon the larger ones, which it changes to a bluish colour ; but it produces no very obvious effect on the lesser ones, except rendering them more distinct.
I have found both these kinds of granules in the unripe t h e m of Ferns, of L,ycopodium and of Ophioglossum : in the latter the larger ones are spherical, very numerous, and some of them very large; the whole of the cells of the theca are filled with them in the immature state of the spore, but they are mostly absorbed during its maturation, and very few remain after the discl.,rge of the spores froin the theca. Active granules exist also in some (if not all) the lower tribes of Cryptogamous plants: I have found them in the unripe thecae of Mosses and of several species of Jungermannia, in the apothecin of Lichens, and in the lamellae of Agarics, and the perithecia of some other Fungi : in some Agarics they are so minute as only to be rendered visible under a high magnifying power by diluting the water with iodine. On cornparing these granules with those contained in the unopened anthers of flowering plants, they appear to me to be in every respect identical ; in both cases, where the larger ones occur, they are similarly acted upon by iodine, and are therefore probably of the same nature ; in the theca they appear to occupy a similar place with those in the cells of the anthers, and they decrease in like manner during the progress to maturity of the pollen-grain and of the spore. I n the granular contents of the spore also there is the most perfect resemblance to those of the pollen-grain". Perhaps the most obvious difference is in the entire absence of green colour from the fluid of the latter.
It has been already observed, that while the changes which have been described are in progress in the spore and its integument, considerable changes are also produced in the organization of the theca. TAB. XXXIX. fig. 1 & 2. represent two sides of that organ in its immature state, and as it appears u p to the time when the spores which it contains are in the state represented at TAB. XXXIX. fig. 10 . At this time it is a thin, transparent, * In the manner in which the spores of Equisetum, Ophioglossum, Psilotum, and perhaps all the higher tribes of Cryptogamous plants, originate in their thecae, there is a strong resemblance to the origin of pollen in the antlierz as described by Bronguiart, namely, " in the interior of the cells of a single and distinct cellular mass."
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metnbranous bag, flattened on two sides, and reticulated in a peculiar manner; six or more thecae surround the pedicel of the peltate scale to which they are attached, the approximating sides being flattened, and the outer and inner edges prominent. The theca is reticulated in the following manner : three or more rows of muriform meshes placed transversely side by side run along the inner edge (TAB. XXXIX. fig. 1.) ; the ends of these meshes are separated by a zig-zag lirie (or what proves when highly magnified to be a double line), and it is at one of these lines that the dehiscence of the theca takes place (TAB. XXXIX. fig. 14.0.) . The meshes occupying the sides and outer edge are of various forms, generally disposed in irregular rows or divided into areolae, the rneshes in each of which have a different inclination ; those on the outer edge are placed longitudinally, from which the bundles of' meshes on the sides are variously inclined in the direction of, and to meet the rows on the inner edge (TAB. XXXIX. fig. 2. ). I n this state the theca continues until the spores have attained their full size, and are changing to the dark green colour which they asslime at tnaturity. At this time a new deposit of vegetable matter is added to the menibrane of the theca, in which spiral vessels are developed : a deposit of green granular matter is first observed round the edges of the meshes, and afterwards dispersed of a lighter colour over the whole: the development of the spiral vessels immediately follows this deposit, which seems in a great measure to be absorbed in the process, as the them afterwards partly regains its former transparency. On first observing this deposit, it appeared to me to be formed on the inner surface of the membrane of the theca; but after examining both surfaces with a magnifying power of four hundred diameters, I found that they presented exactly the same appearance. Subsequent observations, however, have convinced me that the meshes of the theca are composed of a double rnenibrane; that they are in fact flattened cells, the united edges of which form the boundaries of the meshes, and that the deposit in question, and afterwards the spiral vessels, are formed in the space caused by a partial separation of the two membranes. This observation is confirmed by the appearance of the meshes, which a t this time have more or less of a blistered appearance, or are wholly inflated, but again collapse as soon as the spiral vessels are formed. These vessels vary according to the form of the meshes which they occupy; those occupying the muriform and other meshes near the inner edge of the theca differ from those on the sides and outer edge ; the latter ELM 'cRell-deflned flattened spiral vessels (TAB. XXXIX. fig. 14. b.) ; the former partake more of the character of annular vessels ( fig. 14. c.) .
In a portion of the base of the theca near its insertion into the peltate scale, the organization is different from any of the above ; it consists partly of fibrous cellular tissue, something like the inner coating of anthem, and the outer surface is formed into sinuous ridges with hollow spaces between.
EXPLANATION OF T H E FIGURES.
TAB. XXXIX. B. Fig. 9 . Form of the integument at the time of its separation. Fig. 10 . Integument, partially separated. Fig. 1 1 . End view of the integument, as at fig. 9 , showing the transverse 4~2 sutures, which bound the clavate ends of the filaments. b. meshes in irregular rows or areolae, in which spiral vessels ilre forineti ; c. muriform ~neshes, on which the vessels near the line of dehiscence incline to annular. Figures 3 , 5 , 9 , 10, 11, 12? 13 & 14, are magnified 400 diameters, maturity, to show the latter partially unrolled.
